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Conductors are spaced Conductors are spaced far
close together apart but within 2 m ShO Ck
- T R The risk of an shock in ungrounded batteries
o depends on electrode spacing. This section

presents an interpretation of the limited and
restricted approach boundaries (LAB & RAB)
| for shock hazard in NFPA 70E that accounts

for conductor spacing.

Conductors are spaced farther than 2 m apart
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Start arc flash

Start shock
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Energized Work on Batteries,” 2023 IEEE IAS Electrical

Safety Workshop (ESW), March 2023, Reno, NV

= D. M. Rosewater “Reducing Risk when Performing
Energized Work on Batteries,” submitted to the IEEE
Transactions on Industry Applications by invitation,
April 2023

= D. M. Rosewater, “Reducing Risk in the Design of
Batteries,” 2023 Battcon Conference, May 2023,
Orlando, FL
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Worker inside the LAB Worker outside the LAB
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RAB is avoid contact

The exposed conductors are in the LAB

LAB ) .
RAB is avoid contact

im 200V

S ‘A. because the worker’s
hands would need to

enter the LAB.
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Thermal

The thermal hazard for batteries is
derived from an unintended path for
current through shorting material
(e.g., metallic jewelry, metallic tools,
or other conductive objects) that 1s in
contact with a worker.

Safety Glasses, Insolated D —— SiIii S Maximum
segmented based on conductors ) Arc-Flash PPE
Tools, no Jewelry, non- ) . Incident
Start melting cloths Voltage to <100V maximum spacing Enerev < based on
- gco <100V or without battery greater than sy - calculated IE
(minimum requirement) 1.2 cal/cm
<40mA exposure voltage max arc gap

Start thermal yes (see Note 2)

yes (see Note 1)

wear long-
sleeve natural
fiber

No Shock or Arc Flash PPE
No Shock or Arc Required, Develop

Flash PPE Required sectionalizing procedure for
segmentation
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possible short- ear plugs

circuit and >1kW

thermal hazard . , es :
Nolte 1: Shgck a:nd arc flazh PPE rr?ay Ze rgﬂU|red to put tf;]e system n:jto a segmﬁgted s(,jtate. Answer no Latiaatatiohary battery Step 1 turn off and Step 2 disconnect or remove

yes (see Note 3) unless sectlnona 'zing can be comp ete V\fflt out crossing the restrl.cte approach boundary. system in operation disconnect charger battery terminals

Note 2: Incident energy calculation considers overcurrent protection devices = e
Note 3: Work involves possible short-circuit when there are two or more exposed battery terminals within = o ol a

e etion a proximity that could be spanned by a conductor (bus bar, uninsulated tool, conduit, etc.) used in or = J\

,,':;;:'u'?,:'d required or proximate to the work. The battery enclosure itself could act as a short circuit conductor if the battery is oo Do
R grounded.

Risk assessment (top) and battery sectionalizing (right) can be used to

effe(:tlvely COﬂthl hazafd()us GIGthlcal eﬂefgy 1n battefy SYStemS. Step 3 remove inter-rack / Step 4 remove intra-rack / Step 5 remove inter-cell
inter-tier jJumper cables intra-tier jumper cables connectors
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